Functional NMDA receptor channels generated by NMDAR2B gene transfer in rat cerebellar Purkinje cells.
The adult cerebellar Purkinje cell is an exceptional neuron in the central nervous system in that it expresses high levels of NMDAR1 (NR1) mRNA without expressing any NMDAR2 (NR2) mRNAs. It has no functional NMDA receptor (NMDAR) channels, although it receives enormous numbers of excitatory inputs. Despite the high level of NR1 mRNA expression, the presence and localization of NR1 protein in mature Purkinje cells are controversial. To examine the presence of NR1 protein and its ability to form functional NMDARs, we expressed the NR2B subunit in rat mature Purkinje neurons by Sindbis viral-mediated gene transfer. The recombinant virus encoding both the NR2B and enhanced green fluorescent protein (GFP) genes (designated as SIN-EG-NR2B) infected Purkinje cells without infecting glial cells. GFP fluorescence was detected in the soma and throughout dendrites of Purkinje cells 18-24 h postinfection. In most of GFP-positive cells, the expression of NR2B protein was detected by immunostaining with NR2B-specific antibodies. In Purkinje cells infected with SIN-EG-NR2B, the iontophoretic application of NMDA induced prominent NMDAR-mediated current responses, indicating that the exogenous NR2B was assembled with endogenous NR1 to form functional NMDARs. Furthermore, NMDAR-mediated synaptic currents were detected at both the climbing fibre and parallel fibre synapses in infected Purkinje cells. Thus, the mature Purkinje cell produces NR1 protein that is ready to combine with NR2 to form functional NMDARs in excitatory synapses.